iiiiiiiiiiiiiiiiiiiiiniii 

(11) EP 0 834 644 A3 

(12) EUROPEAN PATENT APPLICATION 

(88) Date of publication A3: (51) mt ci.«: E21 B 43/02, E21 B 43/26 

20.05.1908 Bun«tin 1998/21 

(43) Date of publication A2: 

08.04.1998 Bultotbi 1998^5 

(21) Application number 97307806.8 



(22) Date of filing: Q2.iai997 



(84) Designated Contracting Statea: 


• Stanford, James R. 


ATBECH0EDKE8FIFRQBQR lEITULU MC 


Duncan, Oklahoma 73533 (US) 


NLPTSE 


• Wilson, Steven F. 


Designated Extension States: 


Duncan, Oklahoma 73533 (US) 


AL LT LV RO 81 


• Nguyen, Philip D. 




Duncan, Oklahoma 73533 (US) 


(30) Priority: 03.10.1996 US 725368 


• Bowles, Bobby K. 




Comanche, Oklahoma 73633 (US) 


(71) Applicant: Halliburton Energy Services, Ino. 




Duncan, Oklahoma 73638 (US) 


(74) Representative: Wain, Christopher Paul et al 




A.A. THORNTON & CO. 


(72) Inventors: 


Northumberland House 


• Weaver, Jim 0. 


303-306 High Holbom 


Duncan, Oklahoma 73533 (US) 


London WC1V7LE (QB) 



(54) Treating subterranean formation to control particulate flowback 



pension into a subterranean formation and depositing 
the mixture within the formation. The tackifying com- 
pound coats at least a portkm of the particulate and thus 
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(57) A subterranean fornnation is treated witfi a par- 
ticulate laden fluid whereby particulate fkyvtback Is re- 
duced or prevented. The method includes the stepe of 
providhg a fluid suspension including a mixture of a par- 
ticulate and a tackifying compound, pumping the sus- 
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the mixture within the forniation. The tackifying com- 
pound coats at least a portion of the partk:ulate and thus 
retards movement of at least a portion of the particulate 
within the fbnmatkxi upon flow of fluids from the subter- 
ranean formation. 
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DMcrlptlon 

This invention rotates to a method of treating a subtenranean fomnation to control particulate flowback. 
Transport of particulate solids during the production ol hydrocartxjns from a subterranean formation is a continuing 
problem. The transported solids can erode or cause significant wear in the hydrocart)on production equipment used 
in the recovery process. The solids also can clog or plug the wellbore thereby limiting or completely stopping fluid 
production. Further, the transported particulates must be separated from the recovered hydrocarbons adding further 
expense to the processing. 

The particulates which are available for transport may be present due to an unconsolidated nature of a subterranean 
formation and/or as a result of well treatments placing particulates in a wellbore or formation, such as. by gravel packing 
or propped fracturing. 

In the treatment of subterranean formations, it is common to place particulate materials as a filter medium andky 
a proppant in the near welbore area and In fractures extending outwardly from the wellbore. In fracturing operations, 
proppant is can-led into fractures created when hydraulic pressure is applied to these subterranean rock formatkxis to 
a point where fractures are devetoped. Proppant suspended in a viscoslfled fracturing flukJ is carried outwardly away 
from the wellbore within the fractures as they are created and extended with continued pumping. Upon release of 
pumping pressure, the proppant nrmterials remain m the fractures hoWing the separated rock faces in an open position 
forming a channel for flow of formation fluids back to the wellbore. 

Proppant flowback is the transport of proppants back into the weltxHe with the production of formatkxi flukto 
foltowing fracturing. This undesirable result causes undue wear on productkxi equipment, the need for separation of 
solkte from the produced hydrocarbons and occasksnatly also decreases the efficiency of the fracturing operatkyi since 
the proppant does not remain within the fracture and may limit the width or conductivity of the created ftow channel. 
Proppant flowback often may be a aggravated by what is described as -aggressive* ftowback of the well after a stim- 
ulation treatment. 

Aggressive flowback generally entails flowback of the treatment fluki at a rate of from about 0.001 to about 0. 1 barrels 
per minute (BPM) per perforation of the treatment fluids which were introduced into the subterranean formatton. Such 
flowback rates accelerate or force ctosure off the fomiatton upon the proppant Introduced into the formation. The rapid 
flowrate can result In large quantities of the proppant flowing back into the wellbore before ctosure occurs or where 
inadequate brWging within the formatton occurs. The rapid flowback is highly desirable for the operator as it returns a 
wellbore to production of hydrocarbons significantly sooner than would result from other techniques. 

Currently, the primary means for addressing the proppant flowback problem is to emptoy resin-coated proppants 
or resin consolkJatwn of the proppant whteh are not capable of use in aggressive flowback situations. Further, the cost 
of resin-coated proppant Is high, and is therefore used only as a tail-in in the last five to twenty five percent off the 
proppant placement Resin-coated proppant Is not always effective since there is some difficulty in placing it uniformly 
within the fractures and, additionally, the reein coating can have a deleterbue effect on fracture conductivity. Resin 
coated proppant also may interact chemfcally with common fracturing flukJ crosslinking systems such as guar or hy- 
droxypropylguar with organoHnetallics or borate crossllnkers. This interactton results k\ altered crosslinking and/br 
break times for the flukJs thereby affecting placement. Another means showing reasonable effectiveness has been to 
gradually release fracturing pressure once the fracturing operaton has been completed so that fracture ctosure pres- 
sure acting against the proppant buiUs slowly altowing the proppant parttoles to stabilize before flowback of the frac- 
turing fluto and the beginning of hydrocarbon productton. Such stow return is undesirable, however, since It reduces 
the productton from the wellbore until the treatment fluto Is removed. 

In unconsoltoated formattons. it is common to place a filtratton bed of gravel in the near-wellbore area in order to 
present a physteal bamer to the transport of unconsolidated formatton fines with the production of hydrocarbons. Typ- 
ically, such so-called 'gravel packing operattons* involve the pumping and placement of a quantity of gravel and/br 
sand having a mesh size between about 10 and 60 mesh on the U.S. Standard Sieve Series tnto the unconsolkteted 
formatton adjacent to the wellbore. It is sometimes also desirable to bind the gravel parttoles together in order to form 
a porous matrix through whfch formatton fluids can pass whito straining out and retaining the bulk of the unconsoltoated 
sand and/or fines transported to the near wellbore area by the formatton ftutos. The gravel partbles may constitute a 
resin-coated gravel whtoh is either pre-cured or can be cured by an overflush of a chemtoal binding agent once the 
gravel is in place. It has also been known to add various hardenabie binding agents or hardenable adhesives directly 
to an overflush of unconsoltoated gravel in order to bind the partcles together 

U. S. Patents 5.330.005. 5.439.055 and 5.501 .275 disctose a method for overcomhg the difficulties of resin coatirig 
proppants or gravel packs by the incorporatton of a fibrous material In the fluto with whtoh the parttoulates are Introduced 
into the subterranean fonnatton. The fibers generally have a length ranging upwardly from about 2 millimeters and a 
diameter of from about 6 to about 200 mcrons. FlbrUlated fibers of smaller diameter also may be used The fibers are 
believed to act to bridge across constricttons and orifices in the proppant pack and form a mat or frameworic whtoh 
hoWs the particulates in place thereby UmiUng paittoulate flowback. The fibers typcally result in a 25 percent or greater 
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loss in permeability of the pioppant pack that is created in comparison to a pack without the fibers. 

While this technique may functkxi to limit some fk)wback. it fails to secure the partculates to one another ^ the 
manner achieved by use of resin coated partksulates. 

U.S. Patent 5,501.274 discloses a method for reducing proppant flowback by the incorporation oitlermoplastic 
s material in particulate, ribbon or flake form with the proppant Upon deposition of the proppant and thermoplastic ma- 
terial in the formatnn. the thenroplastic material softens and causes particulates adjacent the material to adhere to 
the thermoplastic creating agglomeratee. The agglomerates then bridge with the other aggtomerates and other partic- 
ulates to prevent flowback from the formation. 

It would be desirable to provide a method which will bind greater numbers of particles of the particulate to one 
10 another whereby aggkxnerates may be formed which wouU further assist in preventing nrtovement or fk>wback of 
particulates from a weiKx)re or formation without significantly reckjcing the permeability ol the particulate pack during 
aggressive ftowback of treatment fluids. 

We have now devised a method of treating a subterranean formatkm and a resultant porous particulate pack, that 
inhibits the flow of particulates back through the wellbore with the productnn of hydrocarbons without significant effects 
IS upon the permeability of the particulate pack. 

In one aspect, the present inventk)n provides a method of treating a method of treating a subterranean formation, 
which method comprises the steps of introducing a treatment fluki into a subterranean fonmatkxi; admixing with at least 
a portkvi of saki fiM, a particulate which is introduced into and deposited within sakJ formation; admixing with at least 
a portion of sakJ particulate a Ik^uid or solutkyi of a tackifying compound whereby at least a poitnn of said particulate 
^ is at least partially coated by said compound such that the critical resuspenskxi velocity of said at least partially coated 
partk:ulate is increased by at least about 50 percent when tested at a level of 0.5% active material by weight over said 
partk:ulate alone with water; depositing the tackifying compound coated particulate in the subterranean formation; and 
flowing back flukl from the fonnation whereby the tackifying compound coated particulate retards movement of at least 
a portion of the partksulate within said formatnn. 
^ In another aspect, the inventk)n provktes a method of treating a subterranean formatk)n penetrated by a wellbore. 

comprising the steps of provkling a flukJ suspenskxi including a mixture of partculate nnaterial and another material 
comprising a \iquki or soiutton of a tackifying compound, which coats at least a portk>n of the particulate upon admixture 
therewith, pumping the flukj suspension including the coated particulate through the welltx>reand depositing the mixture 
in the formatkxi. Upon depositbn of the coated material mixture in the formatnn the coating causes particulate adjacent 
30 the material to adhere to the coated material thereby creating aggkxnerates which bridge against other partnles In the 
formatkxi to prevent particulate flowt>ack. 

In accordance with the present inventkxi. the coated material is effective in inhibiting the flowback of partnulate 
in a porous pack having a size ranging, for example, from about 2 to about 400 mesh in intimate admixture with the 
tackifying compound coated particulatee. 
3S The coated material is effective in consolidating particulate in the form of aggbmerates in a formation as a result 
of a fracturing or gravel packing treatment performed on a subterranean formatkxi during aggressive flowt)ack of the 
treatment f\M. 

In accordance with the present inventkxi, a liquid or solution of a tackifying compound is incorporated in an intimate 
mixture with a partk;ulate material such as oonventkxial proppants or gravel packing materials and introduced into a 

^ subterranean formatkMi. 

As used in this specifk»tion, the term 'intimate mbcture' wilt be understood to mean a substantially uniform dis- 
persion of the components in the mixture. The term 'simultaneous mixture' will be understood to mean a mixture of 
components that are blended together in the initial steps of the subterranean formatkxi treatment process or the prep- 
aratkxi for the performance of the treatment process. 

^ The coated particulate or proppant material may comprise substantially any substrate material that does not un- 

desirable chemically Interact with other components used in treating the subterranean formatkxi. The material may 
comprise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 
material also may comprise an additional material that is adnruxed with a particulate and introduced into a subterranean 
formation to reduce particulate ftowt)ack. In this instance the additkxial substrate material nnay comprise glass, ceramic. 

so carbon composites, natural or synthetk: polymers or metal and the like in the form of fibers, flakes, ribbons, beads, 
shavings, platelets and the like. In this instance, the additional substrate material generally will be admixed with the 
particulate in an amount of from about 0.1 to atXHJt 5 percent by weis^t of the particulate. 

The tackifying compound comprises a \iquki or a solutkxi of a compound capable of forming at least a partial 
coating upon the substrate material with which it is admixed prkx to or subsequent to placement in the subterranean 

S5 formation. In some Instances, the tackifying compound may be a solU at ambient surface condftkxis and upon initial 
admixing with the particulate and after heating upon entry into the wellbore for introductkan into the subterranean for- 
mation become a melted lk)ukl whk:h at least partially coats a portkxi of the partculate. Compounds suitable for use 
as a tackifying compound comprise substantially any compound whicfi when in Ik^kf form or vi a solvent sotution wii 
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form a non-hardening coating, by themselves, upon the particulate and preferably wll increase the continuous critical 
resuspenslon velocity of the particulate when contacted by a stream of water as hereinafter described in Example 1 by 
at least about 50 percent over the particulate alone when present in a 0. 5 percent by weight active material concentration 
and increase the initial critical resuspension velocity by at least about 50 percent over the particulate alone. Preferably, 
the continuous critical resuspension velocity is increased by at least 100 percent over particulate alone and most 
preferably at least about 150 percent over particulate alone and the initial critical resuspension velocity is increased 
by at least 75 percent and most preferably at least 100 percent over particulate alone. A partlcularty preferred group 
of tackifying compounds comprise polyamldes which are liquids or in solvent solution at the temperature of the sub- 
terranean formation to be treated such that the polyamldes are. by themselves, non-hardening when present on the 
particulates introduced into the subterranean formation. A particularly preferred product Is a condensation reaction 
product comprised of commercially available polyaclds and a polyamine. Such commercial products include com- 
pounds such as mixtures of dibasic acids containing some trimer and higher oligomers and also smal amounts of 
monon^er acids which are reacted with polyamines. Other polyaclds include trimer acids, synthetic acids produced 
from fatty acids, maleic anhydride and acrylic acid and the like. Such acid compounds are available from companies 
such as Wftco. Union Camp. Chemtall, and Emery Industries. The reaction products are available from, for example, 
Champion Chemicals, Inc. and Witco. 

In general, the polyamides of the present invention are commercially produced in batchwise processing of polyaclds 
predominately having two or more acid functionaiities per molecule with a polyamine. As is well known in the manu- 
facturing industry, the polyaclds and polyf unctkxial amines are introduced into a reactor where, with agitatkNi. the mikf ly 
exothemic formatnn of the amide sail occurs. 

After mixing, heat Is applied to promote endothemiic dehydratkxi and fomnatfon of the polymer melt by polycondensa- 
tlon. The water of reaction is condensed and removed leaving the polyamide. The molecular weight and final properties 
of the polymer are controlled by choice and ratk) of feedstock, heating rate, and judlcbus use of monof unctional acids 
and amines to terminate chain propagation. Generally an excess of polyamine is present to prevent runaway chain 
propagation. Unreacted amines can be removed by distillatkxi, if desired. Often a solvent, such as an alcohol, is ad- 
mixed with the final condensation reactkxi product to produce a ik^ukl solution that can readily be handled. The con- 
densatkxi reactkxi generally Is accomplished at a temperature of from about 225»F to about 450»F under a nitrogen 
sweep to remove the condensed water from the reaction. The polyamines can comprise, for example, ethylenedlamlne. 
diethylenetriamine, triethylene tetraamine. amino ethyl piperazine and the like. 

The polyamides can be converted to quaternary compounds by reaction with methylene chtorWe, dimethyl sulfate, 
benzylchloride, diethyl sulfate and the like. Typically the quatemization reaction woukJ be effected at a temperature of 
from about 100 to about ZOO^'F over a perkxi of from about 4 to 6 hours. 

The quatemlzatkm reaction may be emptoyed to improve the chemk:al compatibility of the tackifying compound 
with the other chemicals utilized In the treatment flukis. 

Quatemizatten of the tacktfying compound can reduce effects upon breakers in the fluUs and reduce or minimize the 
buffer effects of the compounds when present in various flukfs. 

Additnnal compounds whic^ may be utilized as tackifying compounds include \iqakSs and solutions of. for example, 
poiyestere and poiycarbamates. natural resins such as shellac and the like. 

The tackifying compound is admixed with the particulate in an amount of from about 0. 1 to about 3.0 percent active 
material by weight of the coated partk:ulate. It is to be understood that larger quantities may be used, however the 
larger quantities generally do not signiftoantiy increase pertormance and could undesirably reduce the permeability of 
the partculate pack. Preferably, the tackifying compound is admixed with the particulate introduced into the subterra- 
nean fomiatlon in an amount of from about 6.25 to about 2,0 percent by weight of the coated partculate. 

When the tackifying compound is utilized with another material that Is to be admixed with the particulate and whteh 
is to be at least partially coated with the tackifying compound, such as glass fibers or the tike, the compound is present 
in an amount of from about 1 0 to about 250 percent active material by weight of the glass fibers or other added material 
and generally from about 0. 1 to about 3 percent active material by weight of the quantity of partculate with which the 
coated material is intimately admixed. Preferably the tackifying compound is present in an amount of from about 50 to 
about 1 50 percent of the material whKh is to be at least partially coated with the tackifying compound and then added 
to the partfeulate. Af least a portkxi of the tackifying compound introduced with the adcfitional material will contact and 
coat at least a portion of the particulate with whk:h it is admixed. 

The liquid or solution of tackifying compound interacts mechanfcally with the particles of partculate mtroduced into 
the subterranean formation to limit or prevent the ftowback of particulates to the well)ore. 

The Ik^uid or sdutkxi of tackifying compound generaly is incorporated with the partkulate h any ol the conventksnal 
fracturing or gravel packing flukis comprised of an aqueous fluU, an aqueous foam, a hydrocartjon fluU or an emulsksn. 
a vlscoeifying agent and any of the various known breakers, buffers, surfactants, clay stabilizers or the like. 

Generally the tackifying compound may be incorporated Into flukis having a pH in the range of from about 3 to 
about 12 for iitroductkxi Into a subterranean fomiation. The compounds are useful In reducing partk^ulate movement 
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within the formation at temperatures from about ambient to in excess of 275^P. It is to be understood that not every 
tackifying compound will be useful over the entire pH or temperature range but every compound is useful over at least 
some portion of the range and indh^lduals can readily determine the useful operating range for various products utilizing 
well known tests and without undue experimentation. 
5 The liquid or 8olutk)n of tackifying compound generally is incorporated with the particulate as a simuRaneous 

mixture by introduction into the fracturing or gravel packing fluid ak)ng with the particulate. Fracturing flukte are kitro- 
duced into the subterranean formation at a rate and pressure sufficient to create at least one fracture in the formation 
into which particulate then is introduced to prop the created fracture open to facilitate hydrocart>on productton. Gravel 
packing treatments generally are perfonmed at lower rates and pressures whereby the fluki can be introduced into a 

^0 formation to create a controlled partlcule size pack surrounding a screen positnned in the wellbore without causing 
fracturing of the formatkm. The particulate pack surrounding the wellbore then functions to prevent fines or fomnation 
partk:ulate migratkxi into the wellbore with the productk)n of hydrocartxsns from the subterranean formatkxi. The tack- 
ifying compound may be introduced into the fiuki before, after or simultaneously with introductkxn of the partk:ulate into 
the flukf. The Ik^uki or solution may be incorporated with the entire quantity of partuulate introduced into the subterra> 
nean formation or it may be introduced with only a portkyi of the particulate, such as in the final stages of the treatment 
to place the intinate mixture in the formatkxi in the vicinity of the weilbora. For example, the tackifying compound may 
be added to only the final 20 to 30 percent of the particulate laden fluki introduced into the formatkan. In this instance, 
the intimate mixture will form a talHn to the treatment which upon interactkxi within the formation with the particulate 
will cause the particles to brkige on the aggtomerates formed therein and prevent nwvement of the parteles into the 

^ wellbore with any produced fluids. The tackifying compound may be introduced into the blender or into any ftowline in 
which it will contact the material to be at least partially coated by the compound. The compound may be introduced 
with metering pumps or the like prior to entry of the treatment fluki into the subterranean formation. 

In an alternate embodiment, the particulate may be premixed with the tackifying compound prk)r to admbcing with 
a treatment flukJ for use in a subterranean formatkx). 

2S I n order that the inventkxi may be nme fully understood, reference is made to the accompanying drawings, where- 

in: 

FIQiJRE 1 provkies a schematk: illustration of a test apparatus utilized to determine the criticat resuspension 
velocity fa a coaled substrate material; and 
30 FIGURE 2 provides a schematic illustratkxi of additional unconfined flow celt test apparatus. 

To further illustrate the present invention and not by way of limitatkxi, the foltowing Examples are provkied by way 

of illustration only. 

3S EXAMPLE I 

The evaluatkxi of a Iquid or solutkxi of a compound for use as a tackifying compound is accomplished by the 
folk>wing test. A critical resuspenskxi vekx:ity is first detennined for the material upon which the tackifying compound 
is to be coated. Referring now to Figure 1 , a test apparatus is illustrated for performing the test. The apparatus comprises 

40 a 1/2' glass tee 10 which is connected to an inlet source 1 2 of water and an outlet 14 disposal line is bkxked to fluki 
flow. A water slurry of particulate is aspirated into the tee 10 through inlet 1 2 and collected within portion 1 6 by fiftratkxi 
against a screen 1 6. When portkyi 1 6 of tee 10 is full, the vacuum source is removed and a plug 20 is used to seal the 
end of portkxi 16. The fk>w channel from inlet 12 to outlet 14 then is swabbed clean and a vohimetrkally controlled 
pump, such as a 'MOYNO' pump, is connected to inlet 12 and a controlled flow of water is initiated. The velocity of 

45 the fluki is slowly increased through inlet 12 until the first particule of particulate material is picked up by the fk>wing 
water stream. This determines the baseline for the starting of the resuspenskxi velocity The flow rate then is further 
increased until the removal of partcles becomes continuous. This determines the baseline for the continuous resus- 
penskxi vekxity. The test then is terminated and the apparatus is refilled with partk:ulate having a coating corresponding 
to about 0.5 percent active material by weight of the particulate applied thereto. Similar trends generally are seen in 

so the results when the concentratkxis tested are from about 0. 1 to about 3 percent, however, the 0.5 percent level wliich 
is within the preferred application range is preferred for standardization of the procedure. The test is repeated to de- 
temnine the starting point of partk:ulate removal and the vekscity at which removal becomes continuous. The percent 
of vekxity increase (or decrease) then is determined based upon the initial or continuous baseline value. The results 
of several tests emptoyiig the preferred polyamkte of the present inventkNi, and conventkyial epoxy and phenofic 

ss resins known for use in consolidatkan treatments in subterranean formatkxis with 1 2/20 and 20/40 mesh sand are set 
forth bek)w in Table I. 
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Test 
No. 


Particulate 
Size 


Coating Agent, 

% v/wt 
Particulate 


Percent 0£ Velocity 
Change At 
S t ar 1 1 ng Cont inuous 




1 


20/40/me8h 
sand 


none 


0 


0 


10 


2 


20/40 mesh 
sand 


1/2 percent 
polyamide 


192 


222 




3 


20/40 mesh 
sand 


1 percent 
polyamide 


271 


391 


IS 


4 


20/40 mesh 
sand 


1/2 percent 
phenolic 


-0.5 


6.5 




5 


20/40 mesh 
sand 


1 percent 
phenolic 


-9 
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The data clearly illustrates the substantial irKsrease in the critical resuspension velocity of a particulate coated with 
the tackifying compound in comparison to other known formatton consolMation agents which require hardening to be 
effective. 

EXAMPLE li 

A series of tests were performed using the apparatus in Figure 2 to determine the effect of the addition of the 
tackifying compound to a particulate admixed with another material comprising glass fibers. The particulate comprised 

so 20/40 mesh sand. The glass fibers had a diameter of about 1 2 microns and a length of about 1/2 inch. The mixing fluid 
comprised water or a gelled fkiid containing 25 pounds of guar per 1000 gatbns of flukl In accordance with the test 
procedure. 450 grams of 20/40 sand were mixed with 1 % by weigM of glass fibers with a mixing fluid and the resulting 
slurry was aspirated through a condut 31 into test cefl 30 to form a pack within ceH 3D against a screen 32 adjacent 
conduit 33. Ceil 30 had an intertor diameter of approximately 1 5/8 inch and was approximately 10 inches in length. 

ss After the pack was formed, a fk>w of water was initiated through conduit 33 Into ceR 30 and out through a replaceable 
washer 34 kx»ted adjacent conduit 31 . Washer 34 had a 5/8 inch diameter hole to simulate a wellbore casing perfo- 
ration. The ftow rate of the water was continualy increased until the sand pack failed and sand fk3wed through the 
perforatkxi. The glass fiber containing pack failed at a flow rate of 51 .4 barrels per day when gelled fluid was used as 
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the mix fluid and 41 .7 barrels per day when water was used as the mix fluid. The tests were repeated including a 
tackifying compound in an amount of 0.5% V/Wt of sand. The tackifying compound comprised a polyamide. The tack- 
ifying compound/glass fiber containing pack when gelled flukJ was used as the mix fluki failed at 69.6 barrels per day 
and the pack prepared with water failed at 61 .9 ban'els per day. 
5 The results clearly demonstrate the substantial increase In formatkan fluid flow that can be achieved from a sub- 

terranean fomfiatksn containing particulate including both the fit>er8 and the tackifying compound over the fit>er6 atone 
without undesirable particulate production from the formation. 

EXAMPLE III 

10 

To illustrate the effectiveness ol the method of the present inventton two gas wells approximately one mile apart 
in the Chase Fonmatton were treated on the same day. One well utilized the method of the present inventksn emptoying 
a tackifying compound and the other well utilized substantially the same fluids, proppant quantity and pumping schedule 
without the tackifying compound. The approximate depth of the wells were 2600 feet containing 5 1/2* casing cemented 
IS to the surface. The wells were plugged with sand pnor to the treatment to a depth of about 2700 feet. The fracturing 
treatments involved a 2000 gallon prepad of treated water, a 1 2000 galkxi pad pumped at 35 barrels per minute utilizing 
a borate crosslinked guar-containing flud. a 21000 galton fracturing treatment pumped at 30 barrels per minute con- 
taining 1 2/20 mesh sand introduced in a ramped schedule from 1 to 8 pounds per gallon for a total sand content of 
about 1 20.000 pounds. The fracturing treatment utilized a t>orate crosslinked guar-containing fluki including in one well 
20 0. 1 gal tackifying compound per 1 00 pounds of sand. The wells were flushed with 1 000 galkxis of flukj after the fracturing 
treatment. The treatment flukie also contained the typical btocidee, breakers and surfactants utilized in conventional 
fracturing flukto. Thereafter, the wells were cleaned out and the volumes of sand determined as foltows: 

Well without tackifying compound- 
's Tag sand an wetibore at 2710 feet and clean out to bottom of hole at 2818 feet with sand pump. 

Total sand recovered to clean wellbore was 491 galtons. This was over three times the tubing volume originally 

containing sand thereby indicating signifrcant immediate sand flowback. 

The well was btown down for 45 minutes after which an additional 292 gallons of sand were recovered from the 
wellbore. Over the next three days an additional 168 gatkxis of sand were recovered and the well continued to 
30 produce sand as treatment flukI was recovered by pumping the wellbore. Total sand produced after wetibore 

cleanout was 881 galtons. 

Well with tackifying compound- 

3S Tag sand at 2700 feet and clean out with sand pump to 2796 feet. 

Total sand recovered to clean wellbore was 127 gallone. 

The well %vas btown down for 20 minutes after which 1 galton of and was recovered from the wellbore. Over the 
next two days an addittonal 5 gallons of sand was recovered as treatment fluto was recovered from the wellbore 
by pumping. 

40 

The treatment utilizing the method of the present invention resulted in approximately 6 galksns of sand returning 
to the wellbore after the treatment The treatment performed without the tackifying compound resulted in excess of 
861 galtons of sand retuming to the wellbore. These results clearly Illustrate the benefits to be derived from use of the 
present invention in reduced rig time for sand recovery from the treated well versus the untreated well Further benefits 
^ wouto result from reduced repair costs from produced sand induced damage to pumps and other surface equipment. 

While the present Invention has been described with regard to that which is currently considered to comprise the 
preferred embodiments of the inventton, other embodiments have been suggested and still other embodiments will 
occur to those indivMuats skilled in the art upon receiving the foregoing specificatton. 

so 

Claims 

1 . A method of treating a subterranean formation, which method comprises the steps of introducing a treatment flukJ 
Into a subterranean formatton; admixrig with at least a portion of saxi flukj. a partculate whk^h is introduced into 
ss and deposited within sakl fomiatton; admixing with at least a portion cH sakJ partculate a iiqukS or solutkxi a 

tackifying compound whereby at least a portton of sakJ paittoulate is at least partially coatsd by sato compound 
such that the critical resuspenston vetocity of sakl at least partially coated particulate is increased by at least about 
50 percent when tested at a level of 0.5% active material by weight over sato particulate atone with water depositing 
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the tackifying compound coated particulate in the subterranean formation; and flowing back fluid from the formation 
whereby the tackifying compound coated partk:ulate retards movement of at least a potXm of the particulate within 
saidformatkMi. 

2. A method according to claim 1 , wherein said tackifying compound Is admixed with said particulate in an amount 
of from 0. 1 to 3.0 percent by weight of said particulate. 

3. A method according to claim 2. wherein said tackifying compound is admixed with sakJ particulate in an amount 
of from 0.25 to 2 percent by weight of said particulate. 

4. A method according to claim 1 . 2 or 3. wherein said coated partculate has a critical rasuspension vekxrity in excess 
of 100 percent over said parttoulate aksne. 

5. A method according to claim 1 . 2. 3 or 4. wherein said tackifying compound comprises a liquid, or a solution of a 
polyamkle. 

a A method according to claim 1 . Z 3 or 4. wherein said tackifying compound comprises predominantly a conden- 
satkx) reactnn product of a dimer acU containing some trimer and higher oligomers and some monomer aekis. 

with a polyamine. 

7, A nrtethod according to claim 6. wherein sakf polyamine comprises at least one of ethyienediamine, diethylenetrl- 
amine, triethylenetetraamine, tetraethylene pentaamlna. aminoethylpiperazine. 

S. A method according to claim 6 or 7. wherein said tackifying compound has been quatemized. 

9. A method according to any of claims 1 to 8, wherein saki partculate comprises at least one of sand, cerarrac 
particles, resin coated sand, hardened resin beads, sintered bauxite, metal partk:les. glass partksles. 

10. A method according to any of claims 1 to 4, wherein sakJ tackifying compound is at least one of a liquid or a 
solutkxi of. a polyester a polycarbonate; a natural resin. 
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